Background. Even though a large segment of the population lives in rural areas, relatively little attention has been paid in the literature to date to hospital use at the end of life among rural residents. The objective of this study was to examine factors associated with in-or out-of-region hospitalizations at the end of life among older rural residents.
I
T is estimated that half of the world's population live in rural areas, although the proportion varies considerably across continents and countries (1) . In Canada, depending on which definition is used, the rural population ranges anywhere from 22% to 38% (2) . Despite the substantial size of the rural population in Canada and elsewhere, relatively little attention has been paid in the literature to health care use at the end of life among rural residents.
Some studies suggest that rural residents tend to be more likely to die in hospital than residents of urban areas (3) (4) (5) . Death in hospital is often considered an indicator of a possible inappropriate location of death, given the increasing emphasis on providing end-of-life care for terminally ill patients in other settings, such as at home or in hospices. Urban-rural differences in hospitalization can, at least in part, be attributed to health system factors. Compared with urban centers, rural areas tend to have more limited access to health care resources. In Canada, the Society of Rural Physicians of Canada reports that although towns with a population of less than 10,000 constitute 22% of the population, they have only 10% of physicians (6) . Physician supply, as well as hospital bed supply, has been found to play an important role in the likelihood of hospitalization at the end of life and hospital deaths (5, (7) (8) (9) . The effect of these factors has been shown to be as strong or even stronger than that of personal characteristics, such as individuals' sociodemographic characteristics and specific health conditions.
The objective of the present study was to examine in more detail than in previous research (3) (4) (5) hospitalizations among rural residents-and factors related to them. One important issue to examine in this respect is the extent to which rural residents are hospitalized within their region or elsewhere and what factors predict in-region versus out-ofregion hospitalizations. Region of residence is defined here in terms of health regions, given that health care in the province of Manitoba, the setting of this study, is regionally organized. Health regions are responsible for the planning, coordination, funding, and delivery of all health services within the region in order to promote and protect the health of the population in that region. Residents within a particular health region would thus be expected to and, indeed, receive the majority of their health care services within their region of residence; for example, 90% of visits to general/family practitioners occur within the region of residence (10) .
Being hospitalized outside the region of residence, as opposed to within the region, can be problematic because patients may be further away from family and community supports. From family members' perspective, travel becomes an issue. Grunfeld and coworkers (11) demonstrated that travel costs ranked fourth among all costs incurred by caregivers caring for individuals dying of cancer. The costs, one would expect, would be even greater if a family member were hospitalized out of region, particularly in areas where hospitals are widely dispersed. Problems with communication and information transfer between the hospital and primary care physicians are common (12) , and problems with transitions from one care setting to another have been documented (13) . These issues are likely magnified when individuals receive care outside their own region, given that patients would not be known to health care providers and communication between care providers has to cross health region boundaries.
In terms of predictors of in-or out-of-region hospitalizations, we focused on both personal and system factors. For personal factors, we were particularly interested in whether in-or out-of-region hospitalizations vary across age groups. Out-of-region hospitalization might be particularly stressful for very elderly individuals as they tend to be hospitalized longer than younger individuals (14) , which means that they are removed from familiar settings and people (both family and caregivers) for longer periods of time. Considerable attention in the research literature has been paid to potentially inappropriate care or inappropriate care settings for very elderly individuals at the end of life (15) (16) (17) . Although research indicates that the likelihood of dying in hospital and aggressive treatment decreases with old age, whether this extends to in-or out-of-region hospitalization among rural residents has not been examined to date.
In terms of system-related factors, we examined physician and hospital bed supply as previous research indicates that they are related to hospitalization at the end of life (5, (7) (8) (9) . In the present context, the question arises whether health regions with higher physician and hospital bed rates are associated with reduced out-of-region hospitalizations; in other words, having more health care resources within a region should increase the likelihood that individuals can remain within their region of residence.
Context of this Study
The setting of the present study is a mid-Western Canadian province, Manitoba. The province has a population of about 1.2 million, 14% of whom are 65 years or older. Geographically, the population is widely dispersed over an area of 649,950 square kilometers (250,900 square miles) extending from the 49th to the 60th parallel. About two thirds of the population are concentrated into one urban center where the province's only two tertiary hospitals that deal with complex health problems that require expert consultation and management are located. Manitoba, like Canada as a whole, has a universal health care system, with hospital care being provided free of charge, regardless of where it is provided. The provincial health ministry oversees and funds health care services in the province, although health care is regionally organized and administered. There are 11 health regions in the province.
There is no universally accepted definition of what constitutes "rural" in Canada (2); however, the provincial health ministry classifies 9 of the 11 health regions in the province as rural/remote. These nine rural health regions are the focus of the present study. The population density is low across these regions, ranging from less than 1 person per square kilometer in some regions to 17 persons per square kilometer in a remote Northern health region. All health regions have at least one hospital, although many are small with 15 or less beds.
Methods

Data Sources
We used administrative health care records, specifically hospital discharge data as the main data source for the study. Because the data are collected by the provincial health ministry as part of administering the universal health care system, these data are population based and provide complete records of all hospitalizations in the province. The data have been examined extensively from a quality perspective and have been found to be complete, reliable, and valid (18, 19 (20, 21) . We used Vital Statistics data, which record all deaths in the province, to derive cause of death and demographic information (age, gender, marital status). Publicly available census data were accessed to derive area-level income. Physician rates and hospital bed rates were obtained from publicly available statistical reports compiled by the provincial health ministry (20) .
Sample
Our study sample was derived from a complete cohort of decedents who died in Manitoba (as determined from Vital Statistics data) within three fiscal years (2003-04, 2004-05, and 2005-06) . From these, we selected residents of one of the nine rural/remote health regions. Because we were interested in hospitalizations among older adults, who represent the majority of decedents, we excluded individuals less than 65 years of age. We further excluded individuals living in long-term care institutions (nursing homes) during the last 6 months of life as these individuals have different health care use trajectories at the end of life than community dwelling older adults (14, 22) . Our final sample therefore focused on all older rural decedents who had lived in the community (ie were not institutionalized) in their last 6 months of life (N = 5,550).
Measures
Predictor variables.-Demographic variables included in the analyses were "age groups" (age 65-74, 75-84, 85+), "gender" (men, women), and "marital status" (single, which could include divorced and widowed, vs. married; see Table 1 for descriptive statistics).
"Area-level income" was derived from 2001 public access census data and determined at the geographic unit of the dissemination area, with each individual in the rural regions of the province linked to a dissemination area by residential postal code. Postal codes were ranked by average household income and grouped into five population quintiles, with each quintile containing approximately 20% of the population. A quintile income rank was then assigned for each resident, with Quintile 1 being the least affluent. This measure has been validated in previous research (23, 24) . Note that the assignment of quintiles is based on the entire population of Manitoba, not only decedents aged 65 or older. Thus, the proportion in each quintile is not necessarily 20% in our decedent sample. Because of the relatively small number of individuals in some income quintiles, we subsequently dichotomized the variable into relatively lower-income (Quintiles 1-3) versus higher-income areas (Quintiles 4 and 5).
We further derived a "region of residence" variable because the number of decedents in some of the nine health regions in the province was small. We therefore combined health regions into three groups: Southern (composed of four health regions adjacent to Winnipeg, the largest urban center in the province), Central (composed of two health regions), and Northern (composed of three health regions in the northern part of the province).
Using cause of death from Vital Statistics data, we grouped decedents into "cause of death" categories using International Classification of Diseases-10 diagnostic codes, specifically neoplasms, pneumonia, acute myocardial infarction, chronic ischemic heart disease, dementia, diabetes, heart failure, stroke, other circulatory diseases, chronic lower respiratory disease, digestive system diseases, and diseases of the genitourinary system. We classified any cause of death with insufficiently large numbers to analyze separately into an "other causes of death" category.
Lastly, for those decedents who were hospitalized at the end of life, we determined whether they had a "surgical procedure" performed during the last hospitalization. This variable was included as major surgical procedures would tend to be performed in tertiary hospitals, which are located in an urban center, thus necessitating out-of-region hospitalization.
"System-related predictors" included the number of hospital beds and number of physicians per 1,000 population for a given health region. Physician rates include predominantly family/general practitioners as specialists in the province are concentrated into two urban centers. Variables were derived by taking, within each health region, a 3-year average rate corresponding to the years in which our sample died (fiscal years 2003-04 to 2005-06). Physician and hospital bed rates were treated as continuous variables. Hospital bed rates (per 1,000 population) ranged from 2.13 to 5.68 across rural health regions and physician rates (per 1,000 population) from 0.59 to 1.15.
Outcome variables.-Outcome variables included whether individuals were hospitalized for any condition in the last 180 days before death overall. Among those who were hospitalized at least once in the last 180 days before death, we then determined whether the last hospitalization occurred in their region of residence or outside their region of residence. In addition, we differentiated between those who died in a hospital in their region of residence versus outside their region of residence. Lastly, to gain a more detailed perspective of where out-of-region hospitalizations occurred, we differentiated between three types of hospitals that were used most frequently when individuals were hospitalized outside their region: hospitalization in tertiary hospitals (which are located in one urban center, Winnipeg; N = 434), hospitalization in community hospitals located in Winnipeg (four hospitals; N = 216), and hospitalization in any rural hospital regardless of which specific rural region (N = 237).
For all outcome measures, we only included hospitalizations within the province of Manitoba. Previous research (25) indicates that only a small proportion of hospital use by Manitoba residents is incurred outside the province (<2%); thus, excluding out-of-province hospitalizations should have little impact on the results. We excluded hospitalizations that are flagged in the data as "palliative", which is defined in Manitoba as care provided to individuals who are terminally ill with a life expectancy prognosis of <6 months. Much of palliative care is provided in hospital settings in Manitoba, either in special palliative care units or specifically designated beds. Given that we were interested in potentially inappropriate care settings, excluding palliative care hospitalizations ensured that our study focused only on hospitalizations that are considered to be in the acute care sector.
Analytic Approach
Logistic regression analyses were conducted for dichotomous outcome measures, including hospitalization (yes/no) in the last 180 days before death; hospitalized in region versus out of region in the last 180 days before death; and hospitalized in region versus out of region on the day of death, that is, whether individuals died in hospital in their region of residence or outside their region of residence. Multinomial regression was used to analyze the type of out-of-region hospital as there were three outcome categories (urban tertiary, urban community, and rural hospitals). All predictor variables were entered simultaneously into the regression models.
Results
The majority (79%) of decedents were hospitalized in the last 180 days before death (see Table 2 ) and, of the 5,550 decedents, 3,263 or 58.8% died in hospital. Twenty percent of hospitalizations in the last 6 months before death were out of region. Of those individuals who died in hospital, 20.8% died in a hospital that was out of their region of residence.
Regression analyses indicated that age, region of residence, certain causes of death, and hospital bed rates were significantly related to hospitalization in the last 180 days before death (see Table 3 ). For instance, more hospital beds in a region per 1,000 population increased the odds of being hospitalized (adjusted odds ratio = 1.29). Similar results emerged for in-or out-of-region hospitalizations in the last 180 days before death and on the day of death (see Table 3 ). Compared with decedents aged 65-74, older adults aged 75-84, and even more so those aged 85+, had reduced odds of being hospitalized out of region or dying in an out-ofregion hospital. Higher hospital bed and physician rates per 1,000 population were also associated with reduced odds of out-of-region hospitalization. Conversely, higher income, residing in Central and Northern regions, certain causes of death, and having surgery were related to increased odds of out-of-region hospitalization. Table 4 shows select demographic characteristics (which were significantly related to out-of-region hospitalization) by the three hospital groupings. For example, 29.2% of individuals aged 85 or older were hospitalized in tertiary hospitals, compared with 51.1% among those 75-84 old and 55.9% of those aged 65-74. Moreover, 36.3% of individuals from high-income areas were hospitalized in urban community hospitals, compared with 17.4% from low-income areas. Similarly, a larger proportion of residents of Southern regions were hospitalized in urban community hospitals (33.8%) than residents of the other rural regions (7.1% and 17.2%). Most of Northern residents were hospitalized in tertiary hospitals.
Multinomial regression analysis (using urban community hospitals as the reference group) showed that these effects remained when controlling for the other variables (see Table 5 ). Individuals aged 85+, relative to those aged 65-74, had significantly lower odds of being hospitalized in tertiary hospitals, compared with community hospitals. Individuals residing in high-income areas, compared with those in low-income areas, had reduced odds of being hospitalized in urban tertiary hospitals and rural hospitals, relative to urban community hospitals. Significant effects also emerged for region of residence, with residents of Central and Northern regions, compared with Southern residents, having increased odds of being hospitalized in urban tertiary hospitals than in urban community hospitals. Lastly, higher rates of hospital beds in rural regions were associated with increased odds of being hospitalized in rural hospitals and higher physician rates with reduced odds of being admitted to rural hospitals.
Discussion
Hospitalizations at the end of life have been examined extensively in the research literature (3, (26) (27) (28) (29) (30) (31) as there is increasing awareness that acute care hospitals may not be an appropriate care setting as people die. Rural residents may be particularly disadvantaged in this respect because the health care resources in rural areas may not be available to provide appropriate end-of-life care in alternative settings, such as palliative care units (or hospices) that are specifically designed for that purpose. The present study extends previous research by focusing on out-of-region hospitalizations Notes: AMI = acute myocardial infarction; IHD = ischemic heart disease; AOR = adjusted odds ratio; CI = confidence interval; ref. = reference group. *p < .05, **p < .01, and ***p < .001. at the end of life, given that being hospitalized outside one's region of residence may be even more problematic than in-region hospitalization, both for the dying individual, given an unfamiliar setting and health care providers, as well as for family members or friends who may have to travel great distances to visit. A strength of the study is that it is population based and includes all community-dwelling older adults who died within a 3-year time frame in the province of Manitoba, rather than focusing on individuals with certain diseases or a clinical sample. Consistent with previous research (3, (26) (27) (28) (29) (30) (31) , hospitalization in the last 6 months of life was common, with 79% of the 65+ year olds in the present study being hospitalized at least once, 20% of whom were hospitalized out of their region of residence. Similarly, 20% of hospital deaths occurred in an out-of-region hospital. Several personal characteristics were associated with both out-of-region hospitalization and out-of-region hospital death. Noteworthy is the strong age effect, with the odds of out-of-region hospitalization decreasing with increasing age. Whereas individuals aged 75-84 had 50% lower odds of being hospitalized outside their region of residence than individuals aged 65-74, those aged 85 or older had more than three times lower odds. These findings corroborate previous research that has shown that treatment of very elderly individuals tends to be less aggressive than that of younger individuals, with individuals aged 85 or older, for instance, being less likely to be admitted to intensive care units at the end of life than those aged 65-74 (14) .
Also noteworthy is that hospitalizations overall increased with age. Thus, the reduced out-of-region hospitalizations among the very elderly individuals is not due to them being less likely to be hospitalized, but rather the finding suggests that an attempt is made to keep these individuals within the region. Further encouraging is that among individuals who were hospitalized out of region, those aged 85+ were the least likely to be admitted to tertiary hospitals, which provide specialized care.
Moreover, system-related factors emerged as significant predictors. Rural residents who lived in regions with more hospital beds per capita had increased odds of being hospitalized, a finding that is consistent with previous research (7) (8) (9) . However, these rural residents also had reduced odds of out-of-region hospitalization and hospital deaths; in other words, rural residents living in an area with more hospital beds per capita were able to remain within their region of residence, rather than being hospitalized out of region. More hospital beds per capita in a rural region also predicted greater odds of being hospitalized in rural hospitals, albeit outside individuals' region of residence. Similarly, having more physicians per capita in a rural region meant rural residents were more likely to remain within their region or, conversely, were less likely to be hospitalized or die in hospitals outside their region of residence.
These findings are consistent with research that shows that physician supply is related to a range of health care use and health-related outcomes. For instance, higher primary care physician rates have been shown to be associated with higher consultation rates (32) , greater likelihood of having a hospice to care for individuals at the end of life (33) , better self-reported health (34), lower mortality rates (35) , and greater likelihood of individuals having a primary care physician, which in turn was related to preventive health care, such as blood pressure and cholesterol tests (36) . Rural physician shortages have been identified as an issue of concern in many countries, including Canada, and specific efforts have been made to encourage medical students to practice in rural settings, such as incorporating rural field placements into the medical school curriculum (37) (38) (39) (40) . In addition to such efforts, international physician recruitment has long been used to deal with physician shortages in rural areas in the province of Manitoba; however, retention remains an issue in certain rural areas. It is also important to note the heterogeneity in physician resources between rural areas, ranging from 0.6 to 1.2 physicians per 1,000 population in our study. Previous research has focused on rural-urban differences in health care providers (41, 42) ; less attention has been focused on differences between rural areas. Interventions to increase physician rates should focus on distinct regions with particularly low rates. The findings for area-level income further warrant highlighting. Individuals from high-income areas had increased odds of out-of-region hospitalization and hospital death, relative to their counterparts living in low-income areas. As well, higher-income areas tended to be associated with hospitalization in community hospitals, which are located in one urban center (Winnipeg), as opposed to tertiary urban hospitals or rural hospitals. Why this is the case is not entirely clear. The finding may, in part, reflect a socioeconomic status effect; for example, individuals with higher socioeconomic income may perceive services in urban centers as better and may, therefore, want to access them. It may also reflect a geographic effect, however. Winnipeg is the largest urban center in the province of Manitoba and is surrounded by "bedroom" communities with relatively high income levels. Residents of these surrounding communities would tend to use services in Winnipeg, including health care services. Teasing out whether socioeconomic or geographic effects are involved is beyond the scope of this article as it would require more in-depth analysis than was possible here about decedents' community of residence (rather than region of residence) with reference to where they were hospitalized. Income would also ideally be measured at the individual level, rather than the area level, which we were not able to given the administrative data sources used.
The present study is not without limitations. Most importantly, our classification of In-or out-of-region hospitalization fails to take into account the proximity of location of residence of decedents and the hospital to which they were admitted. We defined region of residence here in terms of health regions because they are responsible for the care of residents within that region. It is noteworthy, however, that the majority of out-of-region hospitalizations were to one urban center (Winnipeg), which is at considerable distance from most rural communities. Nevertheless, we acknowledge that an in-region hospital may be at a geographically greater distance from an individual's community of residence than a hospital that is outside the region of residence.
Whether out-of-region hospitalizations were appropriate also cannot be determined from the present data. For instance, admission to tertiary hospitals, which are located in an urban center, may be necessary, given that they are set up to deal with complex cases. Nevertheless, the potential impact of dying in an urban setting that is far from older adults' place of residence needs to be recognized, even if such a location is the most appropriate. This is particularly an issue for Northern residents. Among older decedents living in Northern regions, 95% of out-of-region hospitalizations and 97% of out-of-region hospital deaths occurred in an urban hospital in the South of the province, the majority in tertiary hospitals. The extent to which these care settings meet the needs of these dying older adults and their families should be examined in future research.
In conclusion, our findings indicate that out-of-region hospitalizations and hospital deaths are quite common and that both personal and system-related factors are associated with them. The finding that out-of-region hospitalizations declined with age, with individuals 85 years or older being the least likely to be hospitalized out of region in the last 6 months before death and also being least likely to die in a hospital, suggests that an attempt is made not to treat these individuals overly aggressively at the end of life. Our finding that higher per capita physician supply was related to reduced out-of-region hospitalizations and hospital deaths further suggests the need for concerted efforts to recruit physicians to those rural areas with low physician rates, as well as the need to find mechanisms to retain physicians in these rural regions. 
